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(57) Abstract 



Method for the treatment of glaucoma or lowering intraocular pressure in a mammal, involving topically adminis- 
tering to the eye of such mammal a selectively metabolized 6eta-blocking compound of the formula: 



OH 



Ar-0-CH 2 -CH-CH 2 -NH-V- 



-C-O-R- 



wherein Ar may be substituted or unsubstituted aromatic, Y may be a straight or branched carbon chain or aralkyl, R may 
be lower alkyl, lower alkenyl, lower alkynyl, aryi, or aralkyl, and x is an integer from 1 to about 3; or a pharmaceutical^ 
acceptable salt thereof. Because of a relatively long duration of action of such compounds in ocular fluids and a relatively 
short duration of action in the systemic circulation, such compounds are useful for the treatment of excessive intraocular 
pressure without substantial systemic effects. 
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COMPOSITIONS FOR TREATING GLAUCOMA 



Background of the Invention 

The present invention relates to a method for the 
treatment of glaucoma. More particularly, the invention 
relates to a novel method of treatment of glaucoma or. 
5 lowering of intraocular pressure by topically 

administering beta -adrenergic blocking agents to the 

eye. 

Glaucoma is a condition of the eye characterized by 
increased intraocular pressure. Untreated, the 
TO condition can eventually lead to irreversible retinal 

damage and blindness. Conventional therapy for glaucoma 
has invovlved topical administration of pilocarpine 
and/or epinephrine, administered to the eye several 
times daily. 

15 Various . beta -blocking agents may also be used to 

lower intraocular pressure. Such use is described, for 
example, in reviews by W. P. Boger in Druss, 18, 25-32 
(1979) and by T. J. Zimmerman and W. P. Boger in Survey 
Ophthmol. , 23(6), 347 (1979). The use of beta-blockers 

20 for the treatment of glaucoma is also described in the 
patent literature. For example, U.S. Patent No. 
4,195,085 to Stone discloses a method for treatment of 
glaucoma by the ocular administration of a beta-blocking 
compound, timolol maleate. U.S. Patent No. 4,127,674 

25 discloses treating glaucoma with labetalol, a known 

antagonist of both alpha and beta adrenergic receptors. 
However, these methods also possess significant 
drawbacks, in that the absorption of the beta-blocking 
compound into the systemic circulation can cause 

30 undesirable side effects. Such side effects result from 
prolonged beta- blocking action on the heart, bronchioles 
and blood vessels. For example, according to 
Physicians' Desk Reference , Charles E. Baker, Jr., 35th 
Edition, 1981, p. 1233, adverse reactions to the 

35 topical use of timolol maleate can include bronchospasm, 
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heart failure , as well as cardiac conduction defects. 
Accord ingly, there is a need for a method of treatment 
for glaucoma or for lowering intraocular pressure which 
is relatively free of unwanted systemic side-effects. 
5 Certain beta -blocking agents which contain 

enzymatically labile ester groups are known to exhibit 
short-acting beta -blocking effects in the systemic 
circulation. Such short-acting beta -blocking compounds 
( SABBs ) have been suggested for treatment or prophylaxis 

10 of cardiac disorders as a. means for reducing heart work 
or improving rhythmicity for a short duration. Such 
short-acting beta- blocking compounds avoid the sometimes 
counterproductive effects of conventional beta -blocking 
agents , whose effects are long-lived and therefore 

15 difficult to precisely control. 
Summary of the Invention 

In accordance with the present invention, disclosed 
herein is a method for the treatment of glaucoma or for 
lowering intraocular pressure in a mammal/ comprising 

20 topically administering to the eye of such mammal a 
beta- blocking compound of the formula: 



OH 
I 

Ar-0-CH 2 -CH-CH 2 -N-Y' 

25 I 

H 



'O 
11 

C-O-R 



J x 



wherein Y is a straight or branched carbon chain of from 
1 to about 10 carbon atoms or aralkyl of from 8 to about 
20 carbon atoms; R is lower alkyl, lower alkenyl, lower 

30 alkynyl f aryl or aralkyl; x is an integer from 1 to 
about 3? Ar is unsubstituted aromatic or aromatic 
substituted with lower alkyl, lower alkenyl, lower 
alkynyl, lower alkoxy, halogen, acetamido, amino, nitro, 
lower alkylamino/ hydroxy, lower. hydroxyalkyl, acetyl, 

35 cyano, or a group of the formula 



OMPt 
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30 



-3- 

O 
11 

R-O-C-A- 



wherein A is a direct bond; lower alkylenyl of from 1 to 
about 10 carbon atoms; or alkenyl of from 2 to about 10 
carbon atoms; or a pharmaceutical^ acceptable salt 
thereof. 

Detailed Description of the Invention 

The above-mentioned short-acting beta-blocking 
compounds have been found to effectively reduce intra- 
ocular pressure in the eyes of mammals when topically 
administered. Because of their short-lived duration of 
action in the systemic circulation, toxic side-effects 
15 produced by their migration out of the eye are conse- 
quently reduced. It has further been discovered that 
certain of these compounds show an increased longevity 
of effect when present in the ocular fluid compared to 
the duration of their systemic effects. Consequently, 
20 the present invention resides in the treatment of 

glaucoma or lowering intraocular pressure with a beta- 
blocking compound which exhibits relatively long 
duration of action while in the ocular fluid, but which 
is subject to relatively rapid breakdown into inactive 
25 metabolites upon passage to the systemic circulation. 

In vitro studies in human whole blood indicate that 
the esler functions of the compounds used in the method 
of the invention are subject to enzymatic cleavage. 
Compounds of the present invention in which the aromatic 
portion, Ar, is also substituted with an ester- 
containing group, have two or more potentially labile 
sites for enzymatic hydrolysis. The time required for 
substantially complete disappearance of the beta- 
blocking effects of the compounds of the present 
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10 



15 



20 



25 



invention ranges from about 5-10 minutes to about 1 hour 
or more in the systemic circulation. 

Compounds administered by the method of the present 
invention are represented by the formula: 



wherein Y may be a straight or branched carbon chain of 
from 1 to about 10 carbon atoms, e.g., methylene, 
ethylene, propylene, 2-ethylhexylene, 1,1- 
dimethylethylene , and the like, or aralkyl of from 8 to 
about 20 carbon atoms, such as dialkylene phenyl, e.g., 
4-ethylenebenzyl , 1 -propylene ( 4-naphthyl ) -2-n-butyl , and 
the like. 

R may be iower alkyl of from 1 to about 10 carbon 
atoms, such as methyl, propyl, t-butyl, 3-propylheptyl , 
and the like? lower alkenyl of from 2 to about 10 carbon 
atoms, such as ethenyl, propenyl, 4-ethyl-2-hexenyl, and 
the like, lower alkynyl of from 3 to about 10 carbon 
atoms, such as propynyl, 4-ethyl-3-octynyl, and the 
like; aryl of from 6 to about 10 carbon atoms such as 
phenyl, 2-tolyl, 2-methoxyphenyl, naphthyl, and the like 
or aralkyl, wherein the alkyl portion contains from 1 to 
about 10 carbon atoms and the aryl portion contains from 
6 to about 10 carbon atoms, such as benzyl, phenethyl, 
1 -naphthylpropyl , 3,4-dimethoxyphenethyl, and the like. 

The amine substituent may contain one or more ester 
groups, thus x is an integer from 1 to about 3 provided 
that when x is greater than 1 , different occurrences of 
the -COOR group may be the same or different. 

Ar represents substituted or unsubstituted 
aromatic, including monocyclic, polycyclic, and 



AT-0-CH2-CH-CH2-N-Y 



O 
II 

■C-O-R 



J X 
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10 



15 



-heterocyclic ring systems. Aromatic substituents 
include lower alkyl, of from 1 to about 10 carbon atoms, 
lower alkenyl of from 2 to about 10 carbon atoms, lower 
alkynyl, of from 2 to about 10 carbon atoms, lower 
alkoxy of from 1 to about 10 carbon atoms, halogen, 
acetamido, amino, nitro, lower alkylamino of from 1 to 
about 10 carbon atoms, hydroxy, lower hydroxyalkyl of 
from 1 to about 10 carbon atoms, acetyl, cyano, or a 
group of the formula 



25 



30 



O 
II 

R-O-C-A- 



wherein A is a direct bond, lower alkylenyl of from 1 to 
about 10 carbon atoms, or lower alkenyl of from 2 to 
about 10 carbon atoms. When two or more groups of the 
same designation occur in the same formula, those groups 
are not necesssarily identical. The compounds described 
herein are not limited to any particular stereoisomer^ 

20 configuration. 

In preferred compounds Y is a straight or branched 
carbon chain of from 1 to about 6 carbon atoms or 
aralkyl of from 8 to about 12 carbon atoms. Most 
preferably, Y is a straight or branched carbon chain of 
from 1 to about 4 carbon atoms. R is preferably lower 
alkyl of from 1 to about 5 carbon atoms, lower alkenyl 
of from 2 to about 5 carbon atoms, lower alkynyl of from 
3 to about 5 carbon atoms, aryl of from 6 to about 8 
carbon atoms, or aralkyl, wherein the alkyl portion 
contains from 1 to about 5 carbon atoms and the aryl 
portion contains from 6 to about 10 carbon atoms. Most 
preferably, R is lower alkyl of from 1 to about 4 carbon 
atoms or aralkyl, wherein the alkyl portion contains 
from 1 to about 4 carbon atoms and the aryl portion 
35 contains from 6 to ebout 8 carbon atoms. Particularly 
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preferred R groups are methyl and ethyl* The integer x 
is preferably 1 or 2; most preferably 1. 

Ar is preferably unsubstituted aromatic or aromatic 
substituted with lower alkyl of from 1 to about 5 carbon 
atoms, lower alkenyl of from 2 to about 5 carbon atoms , 
lower alkynyl of from 2 to about 5 carbon atoms, lower 
alkoxy of from 1 to about 5 carbon atoms , fluoro, 
chloro, acetamido, amino , nitro, lower alkylamino of 
from 1 to about 5 carbon atoms , hydroxy , lower 
hydroxy alkyl of from 1 to about 5 carbon atoms, acetyl , 
cyano, or a group of the formula 



wherein A is a direct bond, alkylenyl of from 1 to about 
5 carbon atoms, such as methylene, ethylene , butylene, 
and the like, or alkenyl of from 2 to about 5 carbon 
atoms, such as ethenyl, 2-propenyl f 2-butenyl, and the 
like, and R is lower alkyl of from 1 to about 5 carbon 
atoms. Most preferably, Ar is 2-alkylphenyl, e.g., 2- 
methylphenyl; 2-alkoxyphenyl, e.g., 2-methoxyphenyl; 
or 2-alkoxy carbony lphenyl , e.g., 2-methoxy 
carbonylphenyl . 

The compounds of this invention may be 'administered 
as their pharmaceutical^ acceptable acid addition 
salts, e.g., as the hydrochloride, sulfate, phosphate, 
gluconate, tartrate, et cetera. 

The beta- blocking compounds used in the present 
invention along with methods for their preparation are 
disclosed in co-pending U.S. Patent Application Serial 
No. 211,340, herein incorporated by reference. 

The compounds of this invention are advantageously 
administered topically to the eye in the form of a 
solution, ointment, or solid insert such as is described 
in U.S. Patent No. 4,195,085 to allow controlled or 
delayed release formulations. Formulations may contain 
the active compound, preferably, in the form of a ^rr\ 
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- • soluble acid addition salt, in amounts ranging from 

about 0.01 to about 10% by wt., preferably, from about 
0.5% to about 5% by wt. Unit dosages of the active 
compound can range from about 0.001 to about 5.0 mg., 
5 preferably from about 0.05 to about 2.0 mg. The dosage 
administered to a patient will depend upon the patient's 
needs and the particular compounds employed. 

Carriers used in the preparations of the present 
invention are preferably non-toxic pharmaceutical 

10 organic or inorganic compositions such as water; 

mixtures of water and water-miscible solvents, such as 
lower alcohols; mineral oils; petroleum jellies; ethyl 
cellulose; polyvinylpyrrolidone and other conventional 
carriers. In addition, the pharmaceutical preparations 

15 may also contain additional components such as 

emulsifying, preserving, wetting and sterilizing agents. 
These include polyethylene glycols 200, 300, 400" and 
600, carbowaxes 1,000, 1,500, 4,000, 6,000 and 10,000, 
bacteriocidal components such as- quaternary ammonium 

20 compounds, phenylmercuric salts known to have cold 

sterilizing properties and which are non-injurious in 
use, thimerosal, methyl and propyl paraben, benzyl 
alcohol, phenyl ethanol, buffering ingredients such as 
sodium chloride, sodium borate, sodium acetates, 
' 25 gluconate buffers, and other conventional ingredients 
such as sorbitan monolaurate, triethanolamine, oleate, 
polyoxyethylene sorbitan monopalmitylate , dioctyl sodium 
sulfosuccinate, monothioglycerol, thiosorbitol, 
ethylenediamine tetracetic acid, and the like. 

30 Additionally, suitable ophthalmic vehicles can be used 
as carrier media for the present purpose including 
conventional phosphate buffer vehicle systems, isotonic 
boric acid vehicles, isotonic sodium chloride vehicles, 
isotonic sodium borate vehicles and the like. 

35 The method of treatment of this. invention 

advantageously involves the topical administration of 
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eye drops containing the active compound. Formulations 
for eye drops preferably include the active compound as 
a soluble acid addition salt in a properly buffered , 
sterile, aqueous isotonic solution. 

She compounds of the present invention are ester 
group-containing beta- blockers that have a selective/" 
localized, beta -blocking effect in the eye after topical 
administration. Such compounds are thought to be 
rapidly metabolized by plasma and/or liver esterases 
into inactive by-products, upon entering the systemic 
circulation, and are also thought to be relatively 
stable in ocular fluids, i.e., lacrimal fluids and 
aqueous humor. Consequently, such compounds are useful 
for the treatment of glaucoma or for lowering 
intraocular pressure since they remain stable when 
topically applied to the eye but rapidly metabolize when 
subsequently ■ absorbed into the systemic circulation. 

Some of the compounds break down in the aqueous 
humor more rapidly than others. Such compounds may 
advantageously be employed when only a temporary 
reduction in intraocular pressure is desired, say for 
diagnostic procedures. Longer-acting compounds are 
generally used for effecting longer-term reductions in 
intraocular pressure, such as is desired when treating 
chronic gluacoma. Thus, the method of the present 
invention provides a very useful thereapeutic 
alternative for the treatment of glaucoma or for 
lowering intraocular pressure. 

The present invention is further illustrated by the 
following examples which are not intended to be 
limiting. 



The following compounds were prepared according to 
the methods disclosed in U.S. Patent Application Serial 
No. 211,340: 



Examples I-V 
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I. 



O 
II 

CH3-O-C-CH2-CH2 



II. 




OH O 
0^2^^2" N ^2^2^" KM:H 2" <:H 3 HC1 
H 




10 OH 0 

10 I I! 

0^2-C H ^2-^ H ^2^2^-^ M 2- CH 3 



C-O-CH3 

II 

O 



15 

III. 

O 
II 

20 O OH /C-O-CH2CH3 

II 1 / 

— — -N-CH 

i\ 



CH 3 -C-C-(CH2) 2-(CJ7^ >CH 2- CH - CH 2-^ 



25 



C-0-CH2 CH 3 

II 
O 



IV. 

30 
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V. 

0 

II 

OH C-O-CH2CH3 
I 

. O-CH2-CH-CH2-N-CH 
A 

10 ~CH 3 . O 

Example VI 

This example describes procedures for the 
preparation of compound of the formulas 1 



OR 

15 I 

.OCH 2 CHCH 2 NHC(CH3) 2 CH2CCX}CH 2 CH3 





CH 3 



OH 

20 ^^O^^CB 2 mC^ 3 )^ 2 ( ^2 ca 2 ca 3' 1 /2( C0 2 H > 2- V2 H 2° 
CH3 



Ethyl 3-(N-Benzyl-amino)3-methylbutyrate Hydrochloride 
A mixture of 14 ml (0.1 mole) of ethyl 3,3- 

dime thy lacry late and 11 ml (0.1 mole) of benzylamine in 
25 50 ml of DSP alcohol previously dried over 3 A 

molecular sieves, was heated to reflux for five days. 

The reaction medium was then evaporated under reduced 

pressure and the resulting oil taken up in 100 ml of 

ether. The ethereal solution was refrigerated for 
30 fifteen hours, filtered and then washed twice with 100 

ml portions of water. The ethereal phase was then 



OMPL 
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extracted with 100 ml of 1 N HC1. The aqueous extract 
was washed twice with 100 ml portions of ether and then 
basif ied to pH 8 with solid K 2 C0 3 while under a third 
100 ml portion of ether. These phases were separated 
and the ethereal phase retained and washed once with 100 
ml of water. The ethereal solution was dried over MgS0 4 
and evaporated under reduced pressure to provide a 
mobile clear oils NMR (CDC1 3 ) S1.2 (t, J = 7 Hz, 3, - 
CH 2 CH 3 ), 1.2 (s, 6, two - CH3), 7.2 (s, 5, Ar). The 
free amine was converted to its hydrochloride salt by 
dissolving the oil in 25 ml of reagent alcohol followed 
by treatment with 75 ml ethereal -Hcl. An additional 
200 ml of ether was added and the solution placed in the 
freezer to effect crystallization. 7.2 gm (31%) of 
white crystals were obtained: mp 154-155°C; NMR (CD 3 
OD) SI. 2 (t, J + 7 Hz, 3, -CH 2 CH 3 ), 1.5 (S, 6, two - 
CH 3 ), 7.5 (m, 4, Ar). Analysis Calculated for 
C 14 H 22 N0 2 C1: C 61.86; H, 8.16; N, 5.15. Found: C, 
61.96; H, 8.46; N, 5.00. 

Ethyl 3-Amino-3-methylbutyrate Hydrochloride 

A mixture of 25 g (0.1 mole) of ethyl 3-(N- 
benzylamino)-3-methylbutyrate hydrochloride and 
approximately 2 g of 10% Pd-C in 250 ml of dried USP 
alcohol was hydrogenated under 55 psi H 2 for four days. 
The reaction medium was then filtered and evaporated 
under reduced pressure to provide 18 g (100%) of an 
amber oil which gradually crystallized upon standing: 
mp 82-83°C; NMR (CD3OD) 8 1.2 (t, J = 7, Hz, 3, -CH 2 CH 3 ) 
1.5 (S, 6, two -CH 3 ), 2.8 (s, 2, -CH 2 -), 4.2 (q, J =7 
Hz, 2, -CH 2 CH 3 ). Analysis Calculated for C 7 H 16 N0 2 C1: 
C, 46.28; H, 8.88; N, 7.71. Found: C, 46.46; H, 8.98; 
N, 7.90. 

Ethyl 3-[N[2-Hydroxy-3-( 2-methylphenoxy ) propyl] amino] -3- 
methylbutyrate Hemioxalate Hemihydrate . A 5 g (0.028 
mole) quantity of ethyl 3-amino-3-methylbutyrate 
hydrochloride was dissolved in 25 ml of water. The 
aqueous solution was placed under 50 ml of ethyl acetate 
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and then basified to pH 8 with solid K 2 C0 3 . The 
phases were separated and the aqueous layer extracted 
two additional times with 50 ml portions of ethyl 
acetate. The combined organic phase was dried over 5 g 
5 of MgS04 and then evaporated under reduced pressure with 
temperature not exceeding 55°C. The free amine was 
obtained as a clear oil: 3.1 g (75%; 0.021 mole); NMR 
(CD 3 OD) S 1.1 (s, 6, two -CH 3 ), 1.2 (t, J - 7 Hz, 3, - 
CH 2 CH 3 ), 2.4 (s r 2, -CH 2 -)r 4.1 (q, J - 7 Hz, 2, - 

10 CH2CH3). The free amine was then taken up in 25 ml of 
USP alcohol previously dried over 3A molecular 
sieves, and combined with 3.4 g (0.021 mole) of l-(2- 
methylphenoxy ) -2 , 3-epoxypropane . 

The resulting solution was heated to reflux for six 

15 hours. The reaction medium was then evaporated under 
reduced pressure to an oil which was taken up in 25 ml 
portions of water. The ethereal phase was then 
extracted with 25 ml portions of water. The ethereal 
phase was then extracted with 25 ml of 1 N HC1. The 

20 aqueous acid solution was washed with two 25 ml portions 
of ether and then basified to pH 8 with solid K 2 C0 3 
while under a third 50 ml portion of ether. The 
ethereal phase was separated, washed with 25 ml of 
water, dried over MgSC>4 and evaporated under reduced 

25 pressure. 2. 2 g (0.007 mole) of this free amine was 
thus obtained as a faintly yellow oil. The oil was 
taken up in 10 ml of acetone and added dropwise to a 
solution of 0.9 g (0.007 mole) of oxalic acid dihydrate 
in 15 ml acetone. This solution was placed in a freezer 

30 to effect crystallization. An initial, small crop of 

crystals was obtained which did not agree within +0.4% 
of the theoretical elemental analysis. A second , larger 
crop, 1 g (14%) was then obtained from the mother liquor 
after returning to the freezer: mp 127-128°C; NMR 

35 (CD 3 OD) SI. 3 (t, J = 7 Hz, 3, -CH 2 CH 3 ), 1.5 (s, 6, two 
-CH 3 ), 2.2 (s, 3, Ar -CH 3 ) , 7 (m, 4, Ar) . Analysis 
Calculated for C 18 H 28 N0 6 - 1/2 H 2 0: C, 59.48; H, 8.04; 

f 0MP1 
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10 



N, 3.86. Found: C, 59.56; H, 8.03; N, 3.60. Beta- 
Blocking Activity in vitro : PA2 = 8.6 (atria). 

Example VII 

This example describes the synthesis of a compound 
of the formula: 



OH 

OCH 2 CHCH 2 HC(CH 3 ) 2 CH 2 C02CH2CH3- (C0 2 H) 2 



C0 2 CH 3 




o 



Eth yl 3-rN-[2-Hy droxv-3-[2- 

^ Q ,H. y Y . aT -h Q nvl)phenox Y lpro P vnamino1-3-meth Y lbut Y rate 
Oxalate . A mixture of 4 g (0.028 mole) of ethyl 3- amxno- 
3-methylbutyrate free amine and 3.8 g (0.018 mole) of ethyl 
15 2-(2,3-epoxypropoxy)benzoate in 50 ml of isopropylalcohol 
was heated to reflux for six hours. The reaction medium 
was then evaporated under reduced pressure to provide an 
oil which was taken up in 50 ml of ether. The ethereal 
solution was washed five times with 50 ml portions of 
20 water, dried over MgS0 4 and then evaporated under reduced 
pressure. 2.4 g (0.007 mole) of a faint yellow oil was 
obtained and taken up in 15 ml of acetone. The acetone 
solution was added dropwise to 0.9 g (0.007 mole) of oxalic 
acid dihydrate in 25 ml of acetone. This solution was 
25 treated with 50 ml of ether and crystallization occurred 
after refrigeration to provide 1.8 g (23%) of white 
crystalline clusters: mp 96-98'C; NMR (CD 3 OD) 1.1 (t, 
j = 7 Hz, 3, -CH 2 CH 3 ), 1.5 (s, 6 f two -CH 3 ) 3.8 (s, 
3 , -C0 2 CH 3 ), 7.4 (m, 4, Ar) ; Analysis Calculated for 
C 20 H 2 9NO 10 : C, 54.17; H, 6.59; N, 3.16. 
30 Found: C, 54.33; H r 6.87; N, 2.91. Beta-blocking 

Activity in vitro : PA 2 = 7.8 (atria). In vivo Duration 
of action: 5 min. (180 min infusion) (80% recovery time). 
Potency: 5.0 mg/kg/180 min. ^-ToFT-- 

OMPI 
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Example VIII 
The intraocular pressure lowering effect of the 
compounds described in Examples I - VII are demonstrated 
in rabbits with normotensive eyes. 
5 Sterile, isotonic saline solutions of each of the 

compounds used in procedures of Examples I to VII are 
prepared by dissolving 10, 30 and 100 mg samples of each 
of the active compounds in 1 ml of saline to give 1%, 3% 
and 10% solutions with pH about 6.0-7.0. Free amines - 

10 require one equivalent of HC1 to effect dissolution. 

The intraocular pressure lowering effect of each 
compound is determined by treating the eyes of healthy 
rabbits with the above solutions. Three rabbits are 
used to evaluate the effect of each drug concentration. 

15 A standard dose of 50 ul of each drug solution is 
applied to one eye of each of the three rabbits. 
Intraocular pressure of both eyes is measured with a 
pressure tonograph of a Mackay-Marg Tonometer before 
drug administration and at 15, 30, 45, 60, 120, 180, 

20 240, 300, 360, 420 and 480 min. after dosing. Control 
rabbits are treated similarly with sterile isotonic 
saline solution. Intraocular pressure lowering in the 
treated eyes is compared with the untreated eyes, with 
saline treated eyes and with predrug pressures. Each of 
the compounds tested exhibits intraocular pressure- 

25 lowering activity. 



Example IX 

The experiment of Example VIII is repeated in all 
essential details, except that rabbits which have 
cortuosteroid-induced ocular hypertension, as described 
30 by Bonomi, L-, et al. Glaucoma , Eds. R. Pittscrick, 

A.D.S. Caldwell, Academic Press, New York, pp. 99-107 
(1980), are substituted for the normotensive rabbits. 
Each of the test compounds exhibits intraocular 
pressure- lowering activity in this 'model. 
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CLAlHS 

1. A method for treating glaucoma or for lowering 
intraocular pressure in a mammal, which comprises 
topically applying to the eye of such mammal an 
intraocular pressure-lowering effective amount of a 
5 compound represented by the formula: 



OH 
I 

Ar-0-CH 2 -CH-CH 2 -NH-Y- • 



O 
II 

C-O-R 



10 wherein Y is a straight or branched carbon chain of from 
1 to about 10 carbon atoms or aralkyl of from 8 to about 
20 carbon atoms; R is lower alkyl, lower alkenyl, lower 
alkynyl, .aryl, or aralkyl; x is an integer from 1 to 
about 3, provided that when x is greater than 1, 

15 different occurrences of the -COOR group may be the same 
or different; Ar is unsubstituted aromatic or aromatic 
substituted with lower alkyl/ lower alkenyl, lower 
alkynyl, lower alkoxy, halogen, acetamido, amino, nitro, 
lower alkylamino, hydroxy, lower hydroxyalkyl, acetyl, 

20 cyano, or a group of the formula 



25 



0 
II 

R-O-C-A- 

wherein A is a direct bond, alkylenyl of from 1 to about 
10 carbon atoms, or alkenyl of from 2 to about 10 carbon 
atoms; or a pharmaceutically acceptable salt thereof. 

2. The method of claim 1 wherein R is lower alkyl 
of from 1 to about 10 carbon atoms, lower alkenyl of 
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from 3 to about 10 carbon atoms, lower alkynyl of from 2 
to about 10 carbon atoms, aryl of from 6 to about 10 
carbon atoms or aralkyl, wherein the alkyl portion 
5 contains from 1 to about 10 carbon atoms and the aryl 
portion contains from 6 to about 10 carbon atoms. 

3. The method of claim 1, wherein Y is a straight* 
or branched carbon chain of from 1 to about 6 carbon 
atoms or aralkyl of from 8 to about 12 carbon atoms and 
R is lower alkyl of from 1 to about 5 carbon atoms , 

5 lower alkenyl of from 2 to about 5 carbon atoms, lower 
alkynyl of from 3 to about 5 carbon atoms, aryl of from 
6 to about 10 carbon atoms or aralkyl wherein the alkyl 
portion contains from 1 to about 5 carbon atoms and the 
aryl portion contains from 6 to about 10 carbon atoms - 

4. The method of claim 3 wherein Ar is 
unsubstituted aromatic or aromatic substituted with 
lower alkyl of from 1 to about 5 carbon atoms, lower 
alkenyl of from 2 to about 5 carbon atoms, lower alkoxy 

5 of from 1 to about 5 carbon atoms, fluoro, chlord, 

acetamido, amino, nitro, lower alkylamino of from 1 to 
about 5 carbon atoms, hydroxy, lower hydroxyalkyl of 
from 1 to about 5 carbon atoms, acetyl cyano, or a group 
of the formula 



R-O-C-A- 

wherein A is a direct bond, alkylenyl of from 1 to about 
5 carbon atoms, or alkenyl of from 2 to about 5 carbon 
1 5 atoms . 

5. The method of claim 4, wherein Y is a straight 
or branched carbon chain of from 1 to about 4 carbon 
atoms and R is lower alkyl of from 1 to about 4 carbon 
atoms, aryl of from 6 to about 8 carbon atoms or 
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5 aralkyl, wherein the alkyl portion contains from 1 to 
about 4 carbon atoms and the aryl portion contains from 
6 to about 8 carbon atoms, and x is 1 or 2. 

6. The method of claim 5 wherein Ar is 
unsubstituted phenyl or phenyl substituted with lower 
alkyl of from 1 to about 5 carbon atoms, fluoro, chlorb, 
methoxy, . ethoxy, nitro or a group of the formula 

5 II 

R-O-C-A- 

wherein A is alkylenyl of from 1 to about 5 carbon 
atoms, or alkenyl of from 2 to about 5 carbon atoms and 
10 x is 1. 

7. The method of claim 5 wherein Ar is phenyl, 2- 
methylphenyl, or 2 -ethoxy phenyl and x is 1. 

8. The. method of claim 7 wherein R is methyl or 

ethyl. 

9. The method of claim 1 wherein the topically 
applied compound is 

OH 0 

I II 
0-CH2-CH-CH 2 -NH-CH2-CH 2 -C-0-R 




wherein R is methyl or ethyl; or a pharmaceutical^ 
10 acceptable salt thereof. 

10. The method of claim 1 wherein the topically 

applied compound is 
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OCH 2 CHCH 2 NHC ( CH 3 ) 2 CK 2 COOR 



5 



OH 



'COOR 



wherein R is methyl or ethyl; or a pharmaceutical^ . 
acceptable salt thereof. 

11. The method of claim 1 wherein the topically 

applied compound is 



wherein R is methyl or ethyl; or a pharmaceutical^ 
acceptable salt thereof. 

12. The method of claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, or 11 wherein the topically applied compound is a 
hydrochloride, sulfate, phosphate, gluconate or tartrate 
acid addition salt. 

13. The method of claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10 or 11, wherein the compound is administered as a 
solution of about 0.01% to about 10% by weight of the 
active ingredient in an opthalmo logically acceptable 

5 carrier. 

14. The method of claim 8 wherein the compound is 
administered as a solution of about 0.5% to about 5% by 
weight of the the active ingredients in an ophthal- 
mologically acceptable carrier. 

15. The method of claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10 or 11 wherein the unit dosage of the active compound 
ranges from about 0.001 mg to about 5.0 mg . 

16. The method of claim 10 wherein the unit dosage 
of the active compound ranges from about 0.05 mg to 
about 2.0 mg. 



5 
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17. The method of claim 1, 2, 3, 4, 5, 6, 7 , 8, 9, 
10, or 11 wherein the active compound is contained in a 
sterile, aqueous, buffered, isotonic solution. 

18. An opthmological composition for the topical 
treatment of glaucoma or lowering of intraocular 
pressure which comprises an intraocular pressure- 
lowering effective amount of a compound of the formula 



OH 



O 
II 



Ar-0-CH2-CH-CH2-NH-Y-C-0-R 

_ X 

wherein Y is a straight or branched carbon chain of from 
1 to about 10 carbon atoms or aralkyl of from 8 to about 
20 carbon atoms; R is lower alkyl, lower alkenyl, lower 

10 alkynyl, aryl, or aralkyl; x is an integer from 1 to 
about 3, provided that when x is greater than 1, 
different occurrences of the -C00R group may be the same 
or different; Ar is unsubstituted aromatic or aromatic 
. substituted with lower alkyl, lower alkenyl, lower 

15 alkynyl, lower alkoxy, halogen, acetamido, amino, nitro, 
lower alkylamino, hydroxy, lower hydroxyalkyl, acetyl, 
cyano, or a group of the formula 



20 



R-O-C-A- 



wherein A is a direct bond, alkylenyl of from 1 to about 
10 carbon atoms, or alkenyl of from 2 to about 10 carbon 
atoms; or a pharmaceutical^ acceptable salt thereof and 
an opthmologically acceptable carrier. 

19. The composition of claim 18 wherein R is lower 
alkyl of from 1 to about 10 carbon atoms, lower alkenyl 
of from 3 to about 10 carbon atoms, lower alkynyl of 
from 2 to about 10, carbon atoms, aryl of from 6 to about 
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5 10 carbon atoms or aralkyl, wherein the alkyl portion 
contains from 1 to about 10 carbon atoms and the aryl 
portion contains from 6 to about 10 carbon atoms. 

20. The composition of claim 18 , wherein Y is a 
straight or branched carbon chain of from 1 to about 6 
carbon atoms or aralkyl of from 8 to about 12 carbon 
atoms and R is lower alkyl of from 1 to about 5 carbon 

5 atoms, lower alkenyl of from 2 to about 5 carbon atoms, 
lower alkynyl of from 3 to about 5 carbon atoms, aryl of 
from 6 to about 10 carbon atoms or aralkyl wherein the 
alkyl portion contains from 1 to about 5 carbon atoms 
and the aryl portion contains from 6 to about 10 carbon 
10 atoms. 

21. The composition of claim 20 wherein Ar is 
unsubstituted aromatic or aromatic substituted with 
lower alkyl of from 1 to about 5 carbon atoms, lower 
alkenyl of from 2 to about 5 carbon atoms, lower alkoxy 

5 of from 1 to about 5 carbon atoms, fluoro, chloro, 

acetamido, amino, nitro, lower alkylamino of from 1 to 
about 5 carbon atoms, hydroxy, lower hydroxyalkyl of 
from 1 to about 5 carbon atoms, acetyl cyano, or a group 
of the formula 



10 0 

io n 

R-O-C-A- 

wherein A is a direct bond, alkylenyl of from 1 to about 
5 carbon atoms, or alkenyl of from 2 to about 5 carbon 
15 atoms. 

22. The composition of claim 21, wherein Y is a 
straight or branched carbon chain of from 1 to about 4 
carbon atoms and R is lower alkyl of from 1 to about 4 
carbon atoms, aryl of from 6 to about 8 carbon atoms or 
5 aralkyl, wherein the alkyl portion contains from 1 to 




WO 83/00015 



PCT/US82/00850 



-21- 



about 4 carbon atoms and the aryl portion contains from 
6 to about 8 carbon atoms, and x is 1 or 2. 

23. The composition of claim 22 f wherein Ar is 
unsubstituted phenyl or phenyl substituted with lower 
alkyl of from 1 to about 5 carbon atoms, fluoro, chloro, 
methoxy, ethoxy, nitro or a group of the formula 

5 II 

R-O-C-A- 

wherein A is alkylenyl of from 1 to about 5 carbon 
atoms, or alkenyl of from 2 to about 5 carbon atoms and 
10 x is 1. 

24. The comosition of claim 22, wherein Ar is 
phenyl, 2-methylphenyl, or 2-ethoxyphenyl and x is 1. 

25. The composition of claim 25, wherein R is 

methyl or ethyl. 

26. The composition of claim 18, wherein the 

topically applied compound is 



r ii 

O-CH 2-CH-CH 2-NH-CH 2 -CH 2 -C-0-R 



C-O-R 

II 
O 



wherein R is methyl or ethyl; or a pharmaceutical^ 
10 acceptable salt thereof. 

27. The composition of claim 18 wherein the 
topically applied compound is 



OCH 2 CHCH 2 NHC ( CH 3 ) 2 CH 2 CO0R 

OH 
COOR 
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wherein R is methyl or -ethyl;* or a pharmaceutically 
acceptable salt thereof. 

28. The composition of claim 18, wherein the 
topically applied compound is 

r OCH2CHCH 2 NHC ( CH 3 ) 2 CH 2 COOR 




Ol OH 
CH 3 

wherein R is methyl or ethyl; or a pharmaceutically 
acceptable salt thereof. 

29. The composition of claim 18, wherein the 
topically applied compound is 



OH O 

1 H 
0-CH 2 -CH-CH2-N-CH2-CH 2 -C-0-CH 2 -CH3 

H 

CH3 



or a pharmaceutically acceptable salt thereof. 

30. The composition of claim 18, wherein the 
topically applied compound is 

OH O 

I II 

@0-CH 2 CH-CH 2 -N- ( CH 2 ) 4 -C-0-CH 2 -CH 3 
CB 3 

or a pharmaceutically acceptable salt thereof. 

31. The composition of claim 18, 19, 20, 31, 24, 26, 
29 or 30, wherein the opthmologically acceptable carrier is 
a sterile buffered aqueous isotonic solution. 

32. The composition of claim 31, further comprising a 
preserving agent selected from the group consisting of 
quarternary ammonium compounds, phenylmercuric salts, 
thimerosal, methyl paraben, propyl paraben, benzyl alcohol, 
and phenyl ethanol. 
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33. The composition of claim 32, further comprising 
ethyl cellulose, polyvinylpyrrolidone, or polyethylene 
glycol. 

34. The composition of claim 31, wherein the compound 
is present in a concentration of from about 0.01% to about 
10% by wt. 

35. The composition of claim 31, wherein the compound 
is present in a concentration of from about 0.5% to about 
5% by wt. 
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